| INTRODUCTION
The elucidation of mechanism(s) inherent to the performance of biopolymer-based complex assemblies presents a significant challenge to pharmaceutical and biomedical scientists around the world with most of the studies only providing "qualitative estimation" based on "theoretical experience" and "quantitative experimental results." The use of phrases such as "probably," "may be," "perhaps," "theoretically," "might be," "supposed to," and so on are frequently used to describe complex materials phenomena (such as crosslinking of polymers, drug release, or degradation) employing basic physicochemical, physicomechanical, and morphological analyses. Conversely, there are in silico only studies providing the theoretical knowledge of various material
archetypes with only few being tested at the in vitro and fewer at the in vivo level. In addition, the computational methods applied in the advanced in silico studies are very expensive and extensive in terms of time and funding. 1 Furthermore, there is a lack of considerable data and studies reflecting the in silico performance analysis of pharmaceutical systems post-formulation and development. In a possible way to address the aforementioned challenges, a novel paradigm was developed for the in silico analytico-mathematical interpretation of polymeric systems via quantification of energy surfaces and molecular attributes using atomistic simulations. Molecular mechanics simulations were employed for the "quantitative elucidation" of the mechanism inherent to polymeric archetypes. Sophisticated molecular modeling software was employed for 3D structure generation wherein the molecular structures were drawn in their syndiotactic ste- 
| Molecular mechanics-assisted model building and energy refinements
The MMER model for the energy factor in various molecular complexes can be written as:
where V P is related to total steric energy for an optimized structure, V b corresponds to bond stretching contributions (reference values were assigned to all of a structure's bond lengths), V θ denotes the bond angle contributions (reference values were assigned to all of a structure's bond angles), V ϕ represents the torsional contribution arising from deviations from optimum dihedral angles, V ij incorporates van der Waals interactions due to nonbonded interatomic distances, V hb symbolizes hydrogen-bond energy function, and V el stands for electrostatic energy.
In addition, the total potential energy deviation, ΔE Total , was calculated as the difference between the total potential energy of the complex system (A/B) and the sum of the potential energies of isolated individual molecules (A, B), as follows:
| NANOFORMATION AND SOLVATION PROPERTIES OF POLYMERIC NANOSYSTEMS
The formation and formulation of nano-based systems can be achieved either through relatively simple self-assembly (nanoliposomes or nanopeptides) or via complex emulsificationhomogenization (polymeric nanoparticles). In either case, the stabilization of the nanosystem so formed is of utmost importance and can be achieved in several ways such as by using a surfactant, a polymeric stabilizer (such as polyvinyl alcohol [PVA]) or even via crosslinking-corigidification of the polymeric platform. 3, 4 Choonara and coworkers reported poly(lactic-co-glycolic acid) (PLGA) nanoparticles formulated using two different approaches based on whether a surfactant was used to stabilize the colloidal phase: (a) emulsion-solvent-surfactantevaporation (ESSE) and 2) emulsion-solvent-evaporation (ESE). The MMER report of these complex colloidal phases concluded that the presence of a surfactant such as sorbitan monooleate can provide the much needed conditions for the formation of uniform polymeric nanoparticles. In the ESSE paradigm, the presence of surfactant led to an increase in thermodynamic energy at the solvent/particle interface and hence the coagulation and aggregation of the nanosystem was prevented. In addition, the electrostatic and steric repulsions in case of ESSE were in the range of 1,000 and 200 kca/mol, respectively, under solvent phase simulations. Similarly, alginate nanoparticles were prepared using rigidification-gelification approach with or without adding a surfactant: (a) reverse-emulsion-cationic-gelification (RECG) and (b) reverse-emulsion-surfactant-cationic-gelification (RESCG). In addition to the thermodynamic shielding and repulsions discussed above, the presence of surfactant in RESCG provided a hydrated palisade layer structure which played a major role in crosslinking induced stabilization of the nanosystem termed as-"crosslinking stabilizedstabilized emulsion." The presence of this hydrated layer increased both the polarizability and refractivity coefficient of the RESCG matrices leading to the formation of a rigidified structure with least probability of colloidal aggregation or flocculation ( Figure 1 ). 5 The modeling results provided a potential relationship between a change in the in vitro zeta potential and reduction of particle size on addition of a surfactant to the polymeric nanosystem. The proposed in silico elec- The presence of methoxy-PEG moiety led to the formation of Hbonding within the phospholipid complex. However, this still was not sufficient to form a thermodynamically stable nanosystem. As determined by the 3D geometrical conformation and stabilization via molecular modeling, the addition of CHOL provided the much needed space filling properties to the ternary system wherein the van der Waals space of the molecular complex contributed to matrix stabilization. This change in H-bonding dominated system to hydrophobically stabilized system was further responsible for the self-assembly of the complex into nanoliposomes (nanoformation) when hydrated in phosphate buffered saline. 7 Furthering the modeling paradigm of the effect of PEG on nanoformation, Tomar and coworkers discussed how using an amphiphilic PEG can assist in nanostabilization and nanoperfor- 
| MOLECULAR INTERACTIONS INHERENT TO POLYELECTROLYTE COMPLEXES
Polyelectrolyte complexes, as the name suggests, are complex molecular architectures composed of oppositely charged molecules. As the charged functional groups are "consumed" in the process, the inherent solubility and functionality of the individual molecules are reduced and hence an insoluble but hydrated and swellable matrix is formed. 9 In product. [10] [11] [12] The formation of NaCMC-Eudragit E100 I.E. was accompanied by dense H-bonding and van der Waals interactions. This was further confirmed by lower refractivity, reduced surface-to-volume ratio, and high-density of 0.442 amu/Å 3 . In addition, the molecular dynamics simulation supported the energy stabilization and it was concluded that "the potential energy decreased with an increase in the kinetic energy, obeying the well-known behavior of high underdamping harmonic oscillator." forces. This further confirmed the in vitro controlled release of a highly soluble drug (diphenhydramine) due to matrix curing and formation of a "deforming-type" matrix. 13 Recently, Bijukumar and coworkers modeled a multimolecular alginate:chitosan:hyaluronic acid can be achieved by carefully manipulating the biomaterials' quantities. 15 The above discussion confirms the importance and applicability of MMER in determining the complex interactions within an interpolymeric system consisting of oppositely charged polymers and components. However, there is a minor limitation of this energy relationship paradigm with respect to its applicability in zwitterionic systems as well as differentiating between intermolecular and intramolecular energy components which needs to be further explored.
| EFFECT OF PLASTICIZERS ON PERFORMANCE OF BIOMEDICAL ARCHETYPES
Polymeric fibers provide distinctive advantages in terms of size selection and mechanical properties which further define the final biomedical application. For example, nanofibrous mats are widely employed for wound dressing and oral drug delivery, microfibers for sutures, and macrofibers for periodontal diseases. For these fibers to perform optimally mechanically, addition of plasticizers is a common practice and follows the same principles as for the plasticization of polymeric films.
However, given the large surface area and fine diameter size of the fibrous systems, the addition of any additives needs to be carefully within the polymer matrix. However, RIF on the contrary demonstrated not so prominent effect on the nanotensile properties and even increased Young's modulus in line with drug free fibers. The reasons for this were proposed to be decrease in porosity in the nanofibers, filling of cracks, increase in cohesion and even molecular complexation. 17 As opposed to nanofibrous mats, micro-and macro-fibers are fabricated using the extrusion-gelification technique. The macrofibers in particular are used individually and afford different set of challenges such as holding the fiber using a tweezer (e.g., for suturing) or simply implanting around a tooth for localized periodontal drug delivery.
Johnston and coworkers, described crosslinked-co-plasticized, drugloaded, alginate fibers for localized periodontal drug delivery. 19, 20 As described above, the addition of individual drug, ciprofloxacin or diclofenac, decreased Young's modulus of the prepared fibers owing to the now known reduction in CED. Interestingly, the nanotensile properties were regained when both the drugs were added together to the fibers. According to the MMER generated, this was attributed to:
(a) increase in solubility parameter (δ) due to achievement of saturation solubility and hence a proportional increase in CED (CED / δ concentration, the PEG-enclatherated polymethacrylate system was comparatively more geometrically stabilized with defined viscoelastic regions and consistent drug release profile. 22 In a unique "co-blending-co-plasticizing" strategy, Jones and coworkers used HPMC and Eudragit RS100 to make a bipolymeric buccal film and added two plasticizers, namely, glycerin (GLY) and triethyl citrate (TEC) to plasticize the individual polymers, respectively. This complex system demonstrated varied drug release profiles dependent on the concentration of the components. An increase in HPMC/GLY showed an increase in drug release while a prolonged drug release was observed with an increase in EUD/TEC component. The conformational profile of the buccal film matrix confirmed that TEC is better accommodated into the molecular space of EUD (as compared to that of GLY within HPMC) reducing solvent accessibility and increasing energetic stabilization. Such stabilized structure is less prone to diffusional or erosional release of the drug molecules. 23 Although the MMER analysis in case of plasticized polymeric systems provided an important insight into the CED between the polymer chains; the applicability of the modeling paradigm to simulate the liquid-solid interface within the plasticized system warrants further investigation and revised algorithms.
| ENVIRONMENTALLY AND INHERENTLY RESPONSIVE DRUG DELIVERY SYSTEMS
Stimuli and environmentally responsive drug delivery systems form an important aspect of current drug delivery strategies given the "delivered only when needed" characteristic of these specialized platforms.
These systems can be easily, but nonconclusively, classified as thermo-, pH-, electro-, light-, ion-, oxidation-, and enzyme responsive. 24 The authors have thus far provided interesting evidence of matrix responsiveness via MMER for three different stimuli as well as the behavior of drug delivery system in response to the biological clock as described below:
1. Enzyme responsive drug delivery: Bawa and coworkers described Table 1 for the steps). 26 Earlier in 2011,
Tsai and co-workers modeled bipolymeric (PVA-polyaniline) electroresponsive under solvent phase and directional electric fields were applied at external electric fields of 0.01-0.05 a.u. The variation in total steric energy was directly proportional to increase in applied electric field and it was concluded that the applied field led to bond stretching close to the point of dissociation causing the ON-OFF drug release profile reported in in vitro studies. Furthermore, the bipolymeric matrix "hopped" between helical and coiled structures during the ON-OFF electrostimulation. 27 More recently, the electro-stimulability of a PVA, PEG, and polystyrene sulphonate (PSS) complex was tested for application as an injectable electro-conductive implant. The molecular model revealed that the three molecules formed a sandwich-type ethylene-vinylsulfonate globular complex with PSS in between PEG and PVA layers. The application of electric field disturbed the strong nondecomposing, non-unwinding, or non-eroding complex to a loose adduct causing a pulsatile "ON-OFF" drug release. (or delayed) dissolution and/or degradation profiles and the arrangement of these selected entities into a layered or multicomponent platform. 30 Khan and coworkers designed a multilayered, multidisc, oral tablet to potentially achieve a "drug delivery system with desired release profile (DDSDRP)." The molecular modeling template generated for the study provided important insights as to how the polymers should be combined to achieve • Rotation of saccharide and acrylate residues producing strain due to steric interactions • H-bonds formed between the polymer matrix and the MUC Ultrafast disintegrating wafer matrix 36 
| THE PROTEIN-POLYSACCHARIDE AND POLYMER-MUCOPEPTIDE COMPLEXES
This section details a series of mucoadhesion and interaction molecular modeling studies carried out by the authors over the years (2010 onward; Table 2 ). Mucoadhesion is a very important aspect of oral drug delivery (in particular peptide delivery) when the drug release and absorption are targeted for the small intestine. Given the close proximity to the intestinal membrane, the mucoadhesive devices are developed to provide a high concentration gradient at the site of absorption thereby enhancing absorption as well as protection from the enzymatic degradation of the bioactives. 37 Although there are abundant studies and data describing the "probable" muco-interacting functionalities within a biopolymer or biopolymeric matrices; the confirmatory visualizations of these interactions are lacking. For the studies below, the authors employed a glycoprotein sequence homologous to mucous extracellular matrix. The mucopeptide so developed was energetically and geometrically minimized to give a globular protein structure mimicking the native mucous network. 38 
| CONCLUSION
The above discussion and cited literature proved that not-so-complex and time-efficient molecular mechanics simulations can provide an in depth account of the bonding and nonbonding interactions occurring within a biomedical device or system fabricated using biopolymers. The static-lattice atomistic simulations and MMER also confirmed that there is a direct relationship between the in silico findings and the in vitro and/or in vivo results and hence atomistic simulations can be employed for the construction of an "in vitro-in vivo-ex vivo-in cyto-in silico"
performance-correlation profile within biomedical material assemblies.
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